Purpose: To evaluate and compare the ocular surface condition in herpetic interstitial stromal keratitis and neurotrophic ulcer groups and their normal fellow eyes.
H erpes simplex keratitis is the most common infectious cause of blindness in developed countries. [1] [2] [3] Eighty percent of Europeans are positive for herpes simplex virus (HSV)-1 antibodies, 4, 5 leading to the incidence of 20.7 cases of clinical HSV keratitis per 100,000 annually. Polymerase chain reaction of trigeminal ganglia of cadavers revealed HSV in approximately 100% of the above-60 population. 6 A small group of the infected population has active infections, mainly classified into epithelial herpetic keratitis and herpetic stromal keratitis. However, decreased corneal sensation occurs in all types of herpetic infections.
One of the outcomes of HSV keratitis is neurotrophic ulcers, caused by devastated corneal nerve function. Neurotrophic ulcers are determined by a nonhealing corneal epithelial defect. 7 During the acute stages of the disease through which viral shedding happens, patients suffer from hyperlacrimation; however, in the chronic phase, the disease is usually associated with dry eye symptoms. 8, 9 After the acute phase, the disease might go into remission for several years. Of the recurrent cases, 20% to 30% are in the form of herpetic stromal keratitis. 1, 10 Stromal involvement of HSV usually occurs with significant morbidities 1, 11 including corneal scarring, reduced sensitivity, and epithelial healing defects. 12 Dry eye disease is a multifactorial condition associated with an unstable tear film and various symptoms of ocular surface deterioration. This condition is associated with an increase in tear film osmolarity and inflammatory tear markers. 13, 14 It is a common complication, affecting 5 million Americans 50 years old and older. Tens of millions have mild complications of the disease because of factors such as low humidity and the use of contact lenses. 15 Although the condition is not life threatening, it can significantly reduce the quality of life. 16 Although the prevalence of HSV keratitis is quite high and the sequelae of the resulted neurotrophic ulcer are serious and in many cases the symptoms are bilateral, no case-control study has so far evaluated the ocular surface condition of the fellow uninvolved eye.
A study by Simard-Lebrun et al 17 reported that most patients with HSV keratitis have tear film abnormalities. Another study reported that not only the involved eye but also the fellow eye of unilateral herpetic interstitial keratitis patients suffer from dryness. 18 We believe that ocular surface involvement in herpetic keratitis and neurotrophic ulcers may be because of bilateral conditions. In this study, we compared the ocular surface condition and subjective symptoms between unilateral herpetic interstitial keratitis and unilateral neurotrophic ulcer groups and their normal fellow eyes with a normal control group.
METHOD
Eighty-five consecutive patients entered this crosssectional study, including 56 cases of treated herpetic interstitial keratitis and 29 patients with neurotrophic ulcers. Fifty-six age-and sex-matched participants were also recruited from a normal population as the control group. One eye of normal controls was randomly considered in the study. Informed consent was obtained from all patients, after explanation of all possible treatment options. The Institutional Ethical Review Board of Farabi Eye Hospital approved this study, and the tenets of the Declaration of Helsinki were followed.
Patients with active herpetic keratitis during the previous 2 months were excluded from the herpetic group. Exclusion criteria for all groups were the following: (1) diabetes mellitus and any systemic diseases or systemic medication associated with dry eye; (2) history of contact lens usage; (3) history of trauma and ocular surgery; (4) history of any pathological ocular conditions except neurotrophic ulcers and herpetic keratitis; (5) bilateral involvement even in asymmetric cases. Patients in all groups did not receive any topical medication 1 week before evaluation.
Tear osmolarity was evaluated using a TearLab system (TearLab Corporation, San Diego, CA). No drops were instilled 5 minutes before the test. The system was calibrated once a day using monodose saline according to the manufacturer's guidelines. The discomfort level, visual symptoms of dry eye, conjunctival injection severity, conjunctival staining pattern, corneal staining, corneal tear signs (eg, tear debris, size of the tear meniscus, filamentary keratitis, mucus clumping, corneal ulceration), presence and severity of meibomian gland dysfunction (MGD), tear break-up time (TBUT), and Schirmer test results were scored according to the "dry eye severity grading scheme" adopted by Bahren et al. 14 The Schirmer test was conducted after anesthetization with 0.5% tetracaine hydrochloride (Anestocaine; Sinadaru, Iran) drops. Schirmer strips were then inserted under the lower lid between the middle and outer thirds of the lid margin, and after 5 minutes, the paper was read. 19 Tear osmolarity measurement was performed using a TearLab osmometer according to the provided guidelines. The TBUT was measured 60 seconds after instillation of a drop of fluorescein 0.5% using a blue filter. The period from the last complete blink to the first appearance of a dry spot was defined as the TBUT. The Schirmer test, tear osmolarity, and TBUT were performed 3 times, and the average of the 3 values was recorded for the analysis.
Corneal fluorescein staining and conjunctival fluorescein staining were performed using a slit-lamp camera. One minute after fluorescein instillation, the upper eyelid was lifted slightly, and to grade the whole corneal surface, the patient was asked to look straight forward. To grade the temporal conjunctiva, the subject looked nasally and to grade the nasal conjunctiva, the subject looked temporally. Staining was presented by punctate dots on the cornea and conjunctiva and was scored from 1 to 4 based on its severity. 20 Data obtained from these tests on the involved and fellow eyes from each group, and also from the control group, were compared.
Using SPSS software, statistical analysis of the data was performed. The normality of all data samples was first checked by means of the Kolmogorov-Smirnov test. When parametric analysis was possible, the Student t test was performed for all parameter comparisons. Otherwise, variables were analyzed using the x 2 test. The data were expressed as mean 6 SD.
RESULTS
A total of 141 patients were included in the study: 56 patients in the herpetic group (mean age, 45.3 6 9.1), 29 patients in the neurotrophic ulcer group (mean age, 49.4 6 7.1), and 56 participants in the control group (mean age, 47.9 6 6.4). Comparative data and P values of each group are presented in Tables 1 and 2 . The discomfort level (1.6 6 0.7 vs. 1.3 6 0.5, P = 0.048), visual symptoms of dry eye (1.7 6 0.8 vs. 1.3 6 0.7, P = 0.002), corneal staining (2 6 0.9 vs. 1.4 6 0.7, P = 0.02), corneal tear signs (2.3 6 0.9 vs. 1.6 6 0.7, P = 0.03), TBUT (5.8 6 3.6 vs. 12.1 6 3.3 seconds, P = 0.04), Schirmer test score (6.3 6 3.4 vs. 12.9 6 3 mm, P = 0.009), and tear osmolarity (304.8 6 7.3 vs. 292.7 6 5.9 mm, P = 0.007) were significantly higher in herpetic eyes compared with those of normal controls. There were no statistically significant differences between normal and herpetic groups in conjunctival injection (1.5 6 0.7 vs. 1.7 6 0.9, P = 0.14), conjunctival staining (1.3 6 0.5 vs. 1.8 6 0.9, P = 0.08), and MGD indices (1.5 6 0.7 vs. 2.2 6 1, P = 0.1). Neurotrophic ulcers have significantly inferior ocular surface values in all measured parameters compared with those of normal controls [discomfort level (3 6 0.6 vs. 1.3 6 0.5, P , 0.001), visual symptoms of dry eye (3.4 6 0.7 vs. 1.3 6 0.7, P , 0.001), conjunctival injection (2.8 6 0.8 vs. 1.5 6 0.7, P = 0.009), conjunctival staining (3.2 6 0.8 vs. 1.3 6 0.5, P = 0.005), corneal staining (3.2 6 0.9 vs. 1.4 6 0.7, P = 0.006), corneal tear signs (3.3 6 0.8 vs. 1.6 6 0.7, P = 0.008), TBUT (5.3 6 3.9 vs. 12.1 6 3.3, P = 0.006), Schirmer test score (4.5 6 3 vs. 12.9 6 3, P , 0.001), and tear osmolarity (305.9 6 9 vs. 292.7 6 5.9, P , 0.001)] except for the MGD index (P = 0.07).
The normal fellow eye of the herpetic keratitis group had significantly higher discomfort levels (1.4 6 0.9 vs. 1.3 6 0.5, P = 0.003), visual symptoms (1.5 6 0.9 vs. 1.3 6 0.7, P = 0.002), TBUT (8.3 6 3.2 vs. 12.1 6 3.3, P = 0.003), Schirmer test scores (9.2 6 3.9, 12.9 6 3, P = 0.04), and tear osmolarity (299.9 6 8.1 vs. 292.7 6 5.9, P = 0.003) in comparison with normal controls. The normal fellow eye of the neurotrophic ulcer group had significantly inferior values of discomfort level (1.9 6 0.9 vs. 1.3 6 0.5, P , 0.001), TBUT (7.9 6 4 vs. 12.1 6 3.3, P = 0.004), Schirmer test score (8.1 6 3.9 vs. 12.9 6 3, P = 0.005), and tear osmolarity (295 6 9.2 vs. 292.7 6 5.9, P = 0.02) compared with normal controls.
Although there were statistically significant differences between values in different groups, some mean scores in the affected groups were still in the normal range. The TBUT is considered normal if it is higher than 10 seconds and abnormal if it is lower than 5 seconds. The TBUT of 5 to 10 is within the borderline range. 21 The mean value is between 5 and 10 seconds in all groups (herpetic, neurotrophic, and their fellow uninvolved eyes) except for the normal control, which was higher than 10 seconds. The Schirmer I test result is considered normal if it is higher than 10 mm and abnormal if it is lower than 5 mm. The range of 5 to 10 is the borderline range. 21 The mean value is between 5 and 10 mm in 3 groups (herpetic, neurotrophic, and fellow neurotrophic groups) and above 10 mm in 2 groups (normal controls and fellow herpetic groups).
DISCUSSION
Although chronic inflammation of the ocular surface is not the etiologic cause of dry eye, it may influence tear secretion and increase tear evaporation by reduction in sensation and blinking. 21, 22 The lack of clinical signs of viral replication is an important sign of disease improvement, but it does not imply complete resolution of the infection. Choudhary et al 23 reported that inflammation of the ocular surface can persist during the chronic phase of the disease and cause longlasting dry eye. Another study reported that recurrent corneal herpes infection causes long-standing changes in the ocular surface, even when the patient is symptom free. 24 In this study, 10 subjective and objective tests were applied to investigate tear dysfunction in quiescent herpetic eyes and fellow normal eyes and comparable results were observed.
Keijser et al 25 compared unilateral herpetic patients with normal control group participants with the aid of fluorometry and reported a decreased tear turnover in both eyes of unilateral herpetic patients. Fluorometry is not a routine clinical practice. Hence, we used tear osmolarity in addition to other objective and subjective measures to evaluate the ocular surface condition. Tear osmolarity is proposed as the gold standard diagnostic test for dry eye 26, 27 and it is easily applicable in daily practice. 28 Keijser et al 25 reported the integrity of the ocular surface as an important factor in corneal health and vision quality. Similarly, in a similar study on unilateral quiescent herpetic keratitis, 
MGD, meibomian gland dysfunction; TBUT, tear break-up time.
M'Garrech et al 24 reported higher tear osmolarity and lower Schirmer scores and TBUT levels bilaterally. Simard-Lebrun et al 17 reported bilateral reduction in Schirmer test results in unilateral quiescent herpetic interstitial keratitis. They also found lower corneal sensitivity in the affected eye.
Another case-control study reported no significant difference between the herpetic eye and the fellow normal eye when the Schirmer test and TBUT are used as the measures of dry eye. 18 Hamrah et al 29 recently reported bilateral loss of the corneal nerve plexus in unilateral herpes zoster ophthalmicus.
In this report, both eyes of unilateral resolved herpetic stromal keratitis were compared with the normal population, and it was found that both the involved and uninvolved normal fellow eyes were drier than those of normal controls. The results are comparable with some studies mentioned in the discussion. Normal control group eyes and 4 study groups (resolved herpetic group, fellow eye of the herpetic group, neurotrophic group, and fellow eye of the neurotrophic group) were compared for 10 dry eye measures (Tables 1 and 2 ). Compared with normal controls, the group with neurotrophic ulcers had a significantly poorer condition in 9 of 10 dry eye values. The resolved stromal herpetic group had a significantly poorer condition in 7 of 10 values. Fellow eyes of herpetic and neurotrophic eyes had significantly poorer results compared with those of normal controls in 5 of 10 values. Therefore, it is proposed that the fellow eye of the herpetic or neurotrophic ulcer group has similar dry eye components, although not as severe as the involved eye. Involved eyes of herpetic and neurotrophic groups were also compared and poorer results in all subjective values (discomfort and visual symptoms) were obtained, in addition to conjunctival injection, conjunctival and corneal staining, and corneal tear signs in neurotrophic ulcers. This difference shows a poorer ocular surface condition in neurotrophic ulcers compared with quiescent herpetic eyes.
Some hypotheses have been presented to justify the fellow eye's ocular surface condition in unilateral corneal involvement. The fellow normal eye may suffer from asymptomatic herpetic involvement causing ocular surface inflammation and the ocular surface problem could be a result of this inflammation. Kumar et al 30 reported HSV-1 secretion in tears of symptom-free subjects. Another study reported 2% to 4% of HSV-1 genome incidence in corneas of eye banks, 31 whereas the prevalence of the disease in the normal population is approximately 0.1%. 32 This difference shows the large percentage of normal eyes with subclinical herpetic involvement, which may be presented as ocular surface abnormalities.
The reduction in corneal sensation in the involved eye of unilateral HSV keratitis or neurotrophic ulcers may cause defective afferent pathways of the tear reflex bilaterally. 33 Chronic involvement of this pathway may lead to reduced blinking rate, increased tear evaporation, increased tear osmolarity, instability of tear film, and ocular surface deterioration in the unaffected eye. This hypothesis agrees with many previous reports. Gilbard and Rossi 34 reported tear hyperosmolarity after surgical trigeminal denervation in rabbits. Gallar et al 35 reported bilateral reduction in corneal sensation in patients with quiescent herpetic keratitis. Topical anesthetic instillation in rabbit eyes reduced lacrimation up to 75% and blinking approximately 30% bilaterally. 36 Townsend reported secondary trigeminal nerve demyelination after HSV-1 keratitis 37 leading to the disruption of the neural reflex of tear secretion.
Bilateral neuronal involvement after unilateral neurologic injury has been reported previously. 38 Hamrah et al 39 using confocal microscopy documented bilateral changes in corneal nerves in HSK. Oaklander et al 40 reported contralateral skin nerve involvement in unilateral shingles. There are studies proving that peripheral trigeminal nerves project to contralateral brain stem nuclei and the caudal medulla. 41, 42 It can be concluded that the ocular surface condition is worse in neurotrophic ulcers in comparison with quiescent herpetic keratitis. However, normal fellow eyes of cases with unilateral herpetic keratitis and neurotrophic ulcers have inferior objective and subjective ocular surface scores compared with those of normal controls. Finally, we may conclude that dry eye disease by nature is a bilateral finding even if the initiating factors are unilateral. Further studies on other causes of dry eye may be helpful to confirm this finding.
